This article proposes a consensus nomenclature for fat-containing renal and adrenal masses at MRI to reduce variability, improve understanding, and enhance communication when describing imaging findings. The MRI appearance of "macroscopic fat" occurs due to a sufficient number of aggregated adipocytes and results in one or more of: 1) intratumoral signal intensity (SI) loss using fat-suppression techniques, or 2) chemical shift artifact of the second kind causing linear or curvilinear India-ink (etching) artifact within or at the periphery of a mass at macroscopic fat-water interfaces. "Macroscopic fat" is most commonly observed in adrenal myelolipoma and renal angiomyolipoma (AML) and only rarely encountered in other adrenal cortical tumors and renal cell carcinomas (RCC). Nonlinear noncurvilinear signal intensity loss on opposed-phase (OP) compared with in-phase (IP) chemical shift MRI (CSI) may be referred to as "microscopic fat" and is due to: a) an insufficient amount of adipocytes, or b) the presence of fat within tumor cells. Determining whether the signal intensity loss observed on CSI is due to insufficient adipocytes or fat within tumor cells cannot be accomplished using CSI alone; however, it can be inferred when other imaging features strongly suggest a particular diagnosis. Fat-poor AML are homogeneously hypointense on T 2 -weighted (T 2 W) imaging and avidly enhancing; signal intensity loss at OP CSI is uncommon, but when present is usually focal and is caused by an insufficient number of adipocytes within adjacent voxels. Conversely, clear-cell RCC are heterogeneously hyperintense on T 2 W imaging and avidly enhancing, with the signal intensity loss observed on OP CSI being typically diffuse and due to fat within tumor cells. Adrenal adenomas, adrenal cortical carcinoma, and adrenal metastases from fat-containing primary malignancies also show signal intensity loss on OP CSI due to fat within tumor cells and not from intratumoral adipocytes. 
D
ETECTION OF FAT in adrenal and renal masses at magnetic resonance imaging (MRI) can be a critical finding to help formulate an imaging diagnosis. [1] [2] [3] [4] [5] [6] The presence of macroscopic fat almost always indicates a benign diagnosis; however, adrenal cortical carcinomas (ACC) and renal cell carcinomas (RCC) often contain small quantities of fat within the cytoplasm of tumor cells, which may be detectable using chemical shift MRI (CSI), a feature that has been described as an imaging pitfall in the MR evaluation of adrenal and renal masses ( Fig. 1) . 1, 7, 8 Adding to this potential interpretive pitfall is the wide array of radiological terms used to describe the presence of fat in adrenal and renal masses at MRI. The terms "bulk fat," "macroscopic fat or lipid," "microscopic fat or lipid," "intravoxel fat or lipid," "intracellular fat or lipid," and "intracytoplasmic fat or lipid" all have been used in benign and malignant adrenal and renal masses. 3, 9, 10 A typical example of the varying and confusing terminology used to describe fat content at MRI occurs in the imaging description of smooth-muscle-predominant renal angiomyolipomas (AML), which have insufficient amounts of adipocytes (ie, fat cells) to cause detectable signal intensity loss when fat-suppression (FS) techniques are applied.
3,11 These tumors have been described on imaging as being "fat poor," "lipid poor," "fat invisible," or "showing minimal or no visible or detectable fat or lipid." 9 In this
Commentary, a simplified nomenclature for the description of fat in adrenal and renal masses detected at MRI is proposed using a histological reference by the Society of Abdominal Radiology Disease Focused Panel on Renal Cell Carcinoma. The goals are to improve understanding by radiologists, trainees, and referring providers; improve communication; standardize terms for use in research; and reduce diagnostic errors.
PROPOSED NOMENCLATURE FOR DESCRIPTION OF FAT AT MRI IN ADRENAL AND RENAL MASSES WITH HISTOLOGICAL CORRELATION
An algorithm for the basis of the proposed nomenclature for adrenal and renal masses is provided in Figs. 2 and 3 . Generally, we prefer the term fat over lipid because lipid is a broader term that encompasses the entire class of organic molecules that are insoluble in water, including those lipids that are not components of human tissues, while fat is the specific subclass of lipid that pertains to the histological findings observed in adrenal and renal masses. 12 
Macroscopic Fat
The imaging term "macroscopic fat" should be applied when a tumor shows one or more of the following: 1) intratumoral signal intensity loss before and after application of FS, or 2) linear or curvilinear chemical shift artifact of the second kind causing India-ink (etching) artifact within or at the periphery of the mass at macroscopic fat-water interfaces while the central area remains hyperintense (ie, following the signal intensity of subcutaneous and intraabdominal fat). In the case of signal intensity loss due to FS techniques, the signal from protons within fat molecules has been nulled and is achieved using either chemical (spectral) FS, inversion recovery (IR), or a combination of chemical FS and IR (spectral + IR). More recently, water excitation techniques and 2-or 3-point fat and water separation algorithms derived from Dixon techniques also can be used to demonstrate the presence of macroscopic fat. 13 It is important to emphasize that nonspectral fat suppression techniques, such as IR, will lead to a nonselective decrease in signal intensity of other tissues with relatively short T 1 relaxation times (eg, proteinaceous and hemorrhagic contents) and thus, distinction between these tissues and fat cannot be achieved using IR. 14 Chemical shift artifact of the second kind, which occurs on T 1 -weighted (T 1 W) dual-echo chemical shift gradient recalled echo (GRE), is due to the cancellation of the signal of coexistent fat and water protons within the same imaging voxel, as their phase shift opposes one another due to differing precessional frequencies at the intentionally selected echo time (TE) during the OP acquisition. 15, 16 Chemical shift artifact of the second kind also may be used as an imaging feature to diagnose the presence of macroscopic fat, and manifests as linear or curvilinear signal loss occurring either within or at the periphery of the mass at macroscopic fat-water interfaces. 17 Notably, the central area of macroscopic fat surrounded by the chemical shift artifact should remain hyperintense on both IP and OP images, matching the signal of macroscopic fat elsewhere in the abdomen. The histological basis for identification of macroscopic fat within a mass at MRI relates to the presence of a sufficient amount of adipocytes (ie, fat cells) 11 ; however, the biological cause for why a mass contains adipocytes depends on the nature of the mass. This imaging finding can be seen in classic renal angiomyolipomas and adrenal myelolipomas (Figs. 4,5) . 2, 6, 10, 11 To our knowledge, the sensitivity of detecting macroscopic fat has not been formally compared between FS techniques and chemical shift MRI; however, when areas of intratumoral fat are small (<1 cm), chemical shift MRI may outperform unenhanced computed tomography (CT) for the detection of macroscopic fat in small AMLs. 18 The use of 3D Dixon-based techniques allows for higher spatial resolution than conventional 2D CSI in a given breath-hold and this results in improved detection of fat in small (<1 cm) AMLs. 19 
Microscopic Fat
The imaging term "microscopic fat" should be applied when a tumor shows nonlinear noncurvilinear focal or diffuse signal intensity loss comparing opposed-phase (OP) to in-phase (IP) dual-echo T 1 W GRE images. We prefer the term "microscopic fat" to "intracellular fat or lipid" or "intracytoplasmic fat or lipid" because all forms of fat within the body are by definition located within the cytoplasm of cells, including fat located within the cytoplasm of adipocytes and fat located within the cytoplasm of tumor cells. Similarly, the term "intravoxel fat" (which has also been used previously), although technically correct, is suboptimal because all forms of fat in the body are located to varying degrees within a given imaging voxel. The term microscopic fat is intended to convey an imaging observation that occurs due to the presence of fat on CSI that is not detectable using the means described in the section on macroscopic fat.
Signal intensity loss on OP compared with IP images in renal and adrenal masses due to microscopic fat can occur in two ways: 1) an insufficient amount of adipocytes, or 2) the presence of fat within tumor cells. In both cases, signal intensity loss on OP imaging is caused by chemical shift artifact of the second kind occurring because there are water and fat protons sharing the same imaging voxel. If adipocytes become sufficient in number (ie, only fat protons are identified within imaging voxels), the imaging finding of macroscopic fat will result. In the case of fat-poor AML, microscopic fat observed on CSI is due to an insufficient number of adipocytes (Fig. 5) . 11 Conversely, in adrenal cortical tumors and RCC (predominantly clear cell subtype), signal intensity loss on OP compared with IP images occurs due to the presence of fat within the cytoplasm of tumor cells and is not related to the presence of adipocytes (Figs. 1, 6 ). [20] [21] [22] It is not possible to differentiate the histological causes of microscopic fat using CSI alone. However, if the cause is suspected based on other imaging features (eg, based on signal intensity profile on other pulse sequences indicating a specific diagnosis) or is known (eg, research and educational settings, FIGURE 2: Flow diagram for proposed nomenclature to improve description of intratumoral fat in adrenal masses at MRI. ACC = adrenal cortical carcinoma. *When CSI is performed using a 2-or 3-point Dixon technique, a third feature that is diagnostic of macroscopic fat is the presence of increased signal intensity (isointense to the subcutaneous, visceral, and retroperitoneal fat) on fatonly data sets. FIGURE 3: Flow diagram for proposed nomenclature to improve description of intratumoral fat in renal masses at MRI. AML = angiomyolipoma. *When CSI is performed using a 2-or 3-point Dixon technique, a third feature that is diagnostic of macroscopic fat is the presence of increased signal intensity (isointense to the subcutaneous, visceral and retroperitoneal fat) on fatonly datasets.
known histology), then the imaging finding of microscopic fat should be described as either being related to insufficient adipocytes or fat within tumor cells. For example, the imaging finding of microscopic fat in adrenal adenoma or RCC should not be attributed to the presence of an insufficient number of adipocytes because adipocytes are only rarely observed in these tumors.
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DESCRIPTION OF ADRENAL AND RENAL MASSES BY THE PRESENCE AND TYPE OF FAT
Masses With Macroscopic Fat ADRENAL MASSES. The presence of macroscopic fat within an adrenal mass at imaging and the presence of adipocytes at histopathology generally indicates myelolipoma (Fig. 4) . 2, 6 At imaging, nearly all myelolipomas have macroscopic fat content;
when ≥50% macroscopic fat content is present, myelolipoma can be diagnosed with confidence. 30 Macroscopic fat has been described at imaging in other adrenal cortical tumors, including adenomas with myelolipomatous degeneration (uncommon), ACC (rare), and pheochromocytoma (very rare) 31, 32 ; however, in these reported cases the fat content represents a small amount of the overall volume of the tumor. 7, 28, 29, 33, 34 The proposed biological mechanism for why adrenal masses besides myelolipoma may contain adipocytes is unclear but has been attributed to tumoral degeneration or de-differentiation. 7, 34 RENAL MASSES. Macroscopic fat within a renal mass at imaging is virtually diagnostic of "classic" angiomyolipoma, which is composed of varying amounts of smooth muscle, immature vessels, and adipocytes. 35 Rarely, macroscopic fat may be observed within RCC often attributed to osseous metaplasia 27 ; in such cases, in our experience, the macroscopic fat content is small, generally <10% of the total volume of the mass. Typically, when macroscopic fat is encountered in RCC, it is almost always accompanied by calcifications. [24] [25] [26] [27] Engulfed perirenal, retroperitoneal, or renal hilar fat related to a large RCC may result in the appearance of macroscopic fat within the tumor, but in these cases the diagnosis can be achieved by noting the invasive morphology of the mass. The presence of calcifications or rapid growth can be potential indicators of malignancy; however, MRI is generally insensitive to calcification. Additionally, there are case reports of macroscopic fatcontaining RCC without calcification, and macroscopic fatcontaining AMLs with calcification. [24] [25] [26] [36] [37] [38] Therefore, the prospective diagnosis of RCC with macroscopic fat may be challenging. It is important to emphasize that the presence of macroscopic fat within a renal mass, regardless of the ratio of macroscopic fat to solid elements within the mass, is almost always diagnostic of renal AML except in rare instances. In myelolipomas with tiny (<1 cm) foci of fat, the fat foci may be so small that they may appear as microscopic fat. 40 
Masses With Microscopic Fat
RENAL MASSES WITH MICROSCOPIC FAT DUE TO
INSUFFICIENT ADIPOCYTES. Among renal masses with microscopic fat, in only fat-poor AML is this imaging finding due to the presence of insufficient adipocytes. 11 In this instance, the adipocytes within the tumor are too few or not sufficiently clustered to be detected as macroscopic fat. Fat-poor AML can be differentiated from other renal masses through a combination of characteristic features at both CT and MRI with a high degree of accuracy.
9,41-46 Fatpoor AML are typically small (<4 cm) incidentally discovered masses that occur most commonly in female patients. 9 These tumors do not tend to hemorrhage, 43, 47 are usually homogeneously hyperdense at unenhanced CT, 48 (Fig. 4) . The tumor is composed of varying amounts of smooth muscle cells (pink cells with nuclei) and a large number of aggregated adipocytes (white cells without nuclei). papillary RCC, which also may be hyperdense at unenhanced CT and low signal intensity on T 2 W and ADC, fat-poor AML are typically avidly enhancing (whereas papillary tumors show low-level progressive enhancement). 41, 42, 45, 46, 50, 51 Although microscopic fat initially was thought to be a characteristic finding of fat-poor AML, 52 it also is commonly present in RCC (usually clear cell, discussed below), 20 and recent studies demonstrate that a majority of fat-poor AML do not demonstrate any signal loss on OP CSI. 11,53,54 Jhaveri et al. found that microscopic fat is more commonly focal in fat-poor AML and more commonly diffuse in RCC. 53 A meta-analysis found that fat-poor AML show quantitatively more signal loss on OP MRI compared with all RCCs, but that the degree of signal loss was not significantly different compared with clear-cell RCC. 55 We prefer the term fat-poor AML be used to describe an AML that has an insufficient number of adipocytes to result in macroscopic fat on imaging. Various other terms, imaging and histological definitions, and classifications for fat-poor AML have been proposed; however, their clinical usefulness is limited with the exception that those fat-poor AML that show microscopic fat are more likely to be isoattenuating (rather than hyperattenuating) at unenhanced CT. 3, 11 ADRENAL MASSES WITH MICROSCOPIC FAT DUE TO FAT CONTAINED IN TUMOR CELLS. Adrenal cortical adenomas characteristically contain intracytoplasmic fat within tumor cells. This fat is the necessary precursor for the biochemical formulation of adrenal cortical steroid hormones. The fat occurring in the cytoplasm of tumor cells is interspersed with water protons also located within the cell and this results in the imaging finding of microscopic fat. Detection of microscopic fat within an adrenal mass is typical for adenoma. Macroscopic fat in adrenal adenomas only occurs in the uncommon setting of myelolipomatous degeneration. 7 At MRI, microscopic fat can be quantitatively or qualitatively assessed. 10, 16 Microscopic fat in adenomas is usually but not always homogeneous. It has been previously reported that heterogeneous microscopic fat in adrenal nodules also is generally benign 56 ; however, caution must be used in patients with an oncologic history to exclude the rare possibility of a collision tumor (ie, microscopic fat-containing adenoma and adjacent metastasis) 57 or the more common occurrence of a microscopic fat-containing metastasis (eg, clear-cell RCC, hepatocellular carcinoma [HCC] ). Approximately 30% of adenomas will not have sufficient fat within their cytoplasm to result in an attenuation value less than 10 Hounsfield Units (HU), which is the optimal threshold to differentiate adenomas from metastases at unenhanced CT. 2, 7 These adenomas have historically been referred to as "lipid poor" adenomas. 10, 16 A proportion of "lipid poor" adenomas that measure between 10 and 30 HU can be shown to demonstrate microscopic fat using chemical shift MRI; however, MRI is generally not useful to characterize adrenal nodules that measure above 30 HU at unenhanced CT. 58 Such adenomas cannot be reliably distinguished from metastasis, and further imaging workup (eg, washout criteria at CT for nonhypervascular malignancies) may be required in patients with a known malignancy. We acknowledge that the terms "lipid rich" and "lipid poor" adenomas are unlikely to change based on the recommendation of this article, given that these terms are so widely used in the imaging literature; however, with respect to our proposed nomenclature and content of adrenal cortical cells, the terms "fat rich" and "fat poor" would likely be more precise. ACCs usually can be readily differentiated from adenomas based on their large size (>4 cm), heterogeneous appearance, invasive features, and presence of metastatic disease. 2, 59 ACC may contain microscopic fat due to fat within tumor cells since they are derived from the adrenal cortex; however, there also are reports of ACC containing small quantities of macroscopic fat. 28, 29, 39 A single case report 60 described macroscopic fat within pheochromocytoma at CT. No studies to our knowledge have described microscopic or macroscopic fat within pheochromocytoma at MRI. 61, 62 Metastases from microscopic and macroscopic fatcontaining primary tumors (eg, clear-cell RCC, HCC, liposarcoma) have been described as an imaging pitfall on CSI due to the presence of fat within tumor cells simulating an adenoma. 2, 7, 8 Knowledge of the primary malignancy is crucial in these instances as other traditional imaging tests such as washout-CT also may be falsely reassuring due to (Fig. 1) . The observation is due to the presence of fat within the cytoplasm of tumor cells rather than the presence of adipocytes.
hypervascularity of the same malignancies (eg, clear-cell RCC, HCC). 63 It has been shown that metastases tend to be more heterogeneously hyperintense on T 2 W imaging compared with adenomas, and this characteristic may help distinguish between the two entities in relevant cases. 64, 65 RENAL MASSES WITH MICROSCOPIC FAT DUE TO FAT CONTAINED IN TUMOR CELLS. A histologic hallmark of clear-cell RCC is the presence of glycogen and fat in the cytoplasm of tumor cells. Intracytoplasmic fat is stored in "lipid" droplets, which are composed of a neutral fat core (triglycerides, cholesterol-esters) surrounded by a phospholipid monolayer and surface proteins. 66 Outwater et al. first described microscopic fat in clear-cell RCC. 20 This is now a popularly presented imaging pitfall encountered on renal mass MRI because inexperienced radiologists may misinterpret it as diagnostic of AML (Fig. 1) . Studies investigating the algorithmic diagnosis of small renal masses with MRI have noted that the presence of a microscopic fat may distinguish clear-cell RCCs from oncocytic neoplasms (eg, chromophobe RCC and oncocytoma), each of which is characteristically hyperintense on T 2 W imaging. 41, 42, 44 Clear-cell RCC also have been shown to be more avidly enhancing compared with oncocytic neoplasms. 44, 67 A minority of papillary tumors also may show microscopic fat, which has been speculated to be due to clear cell heterogeneity 68 ; such tumors may be distinguished from fat-poor AML by their high signal intensity on T 2 w imaging (compared with typical papillary RCCs). 69 Because fat accumulation in clear-cell RCC is a pathophysiologic process of the tumor cells, microscopic fat is identified on OP images within the viable portions of the tumor (ie, enhancing components); areas of necrosis and scar typically lack this finding. One should not mistakenly attribute microscopic fat on CSI in clear-cell RCC to be due to the presence of glycogen, since glycogen does not cause signal intensity drop on OP CSI using available chemical shift MRI pulse sequences on 1.5 T or 3 T clinical scanners. A detailed description of the CSI physics pertaining to water and fat or glycogen protons is provided in the Appendix.
The detection of fat in tissues using chemical shift MRI was initially described by Dixon. 70 Several confounders need to be addressed for the accurate measurement of fat fraction (FF) with this technique, including: T 1 bias, T 2 * decay, spectral complexity of fat, noise bias, and eddy currents. 71 In recent years, Reeder et al. proposed a Dixon-based technique for quantification of FF using multiecho 3D GRE acquisitions and multipeak fat modeling. [72] [73] [74] These techniques correct for the above-mentioned confounders, and are now available in most clinical MRI scanners, and allow for quantification of FF in the entire abdomen during in a single breath-hold. 75 Multipeak fat modeling takes into account the multiple spectral peaks of fat to allow for more accurate measures of FF. 71 
CONCLUSION
In conclusion, a simplified nomenclature for the description of fat at MRI in adrenal and renal masses is proposed to clarify potentially confusing terminologies. Macroscopic fat is one or more of the following: 1) intratumoral signal loss using fat-suppression techniques, or 2) chemical shift artifact of the second kind causing linear or curvilinear India-ink (etching) artifact within or at the periphery of the mass at macroscopic fat-water interfaces. Macroscopic fat is virtually diagnostic of adrenal myelolipoma (in adrenal masses) and AML (in renal masses), with uncommon and rare exceptions. Microscopic fat is intratumoral nonlinear noncurvilinear signal intensity loss at OP CSI and may occur due to: a) an insufficient number of adipocytes in adjacent voxels, or b) the presence of fat within tumor cells. It is not possible to differentiate these conditions using CSI alone, but the cause can be inferred when other imaging features suggest a particular diagnosis or when the diagnosis is known. In fat-poor AML, signal intensity loss on OP CSI is uncommon, but when present is usually focal and caused by disaggregated adipocytes. In clear-cell RCC and adrenocortical neoplasms, signal intensity loss on OP CSI is due to fat within tumor cells.
APPENDIX
The difference in the water and glycogen peaks in ex vivo spectroscopic analysis of liver specimens is approximately 1 (range 0.5-1.5) ppm 77 compared with the difference in fat and water peaks of 3.5 ppm. 16 The frequency shift (Δf) between protons within two differing substances is calculated δ × (γ × Bo) where; δ = the chemical shift between two substances, γ = gyromagnetic ratio of protons (which is 42.5 Hz) and Bo = external magnetic field strength. 16 Therefore, the frequency shift for fat and water protons is 3.5 ppm × 42.5 Hz × 1.5 T or 3 T, which equals 226 Hz at 1.5 T and 446 Hz at 3 T. 16 A frequency shift of 226 Hz at 1.5 T and 446 Hz at 3 T equates to water and fat protons being in phase every 1/225 Hz or 4.4 msec at 1.5 T and every 1/445 Hz or 2.2 msec at 3 T. Conversely, for water and glycogen the frequency shift is 1 ppm × 42.5 Hz × 1.5 T or 3 T, which equals 63.8 Hz at 1.5 T and 127.5 Hz at 3 T. These frequency shifts equate to water and glycogen protons being in phase every 1/63.8 Hz or 15.7 msec at 1.5 T and every 1/127.5 Hz or 7.8 msec at 3 T. Therefore, since the first opposed phase echo between water and glycogen occurs at roughly 7.9 msec at 1.5 T and 3.9 msec at 3 T it would not be expected that glycogen content could substantially contribute to any signal drop on opposed phase images obtained at 2.2 msec or 1.1 msec (optimized to detect maximal signal cancellation from fat and water protons) at 1.5 T and 3 T, respectively.
